Objective Scrub typhus is an important febrile disease in Asia, and antibiotics have been used to treat this disease. The purpose of this study was to generate large-scale evidence of the efficacy of different antibiotic regimens for treating scrub typhus using a meta-analysis. Methods PubMed, Elsevier ScienceDirect, Chinese Biomedical Literature Database (CBM), China National Knowledge Infrastructure (CNKI), and Wanfang (Chinese) were searched to identify relevant articles. The data from eligible citations were extracted by two reviewers. All analyses were performed using the Cochrane Collaboration Review Manager 4.2 and Stata 10.0 software programs. Results We conducted a meta-analysis of 17 separate studies that evaluated the efficacy of treatment with the different antibiotic regimens for scrub typhus. The median time (h) to clearance of fever in the azithromycin-treated group was longer than that in the chloramphenicol-treated group (weighted mean difference [WMD] = 12.66, 95% confidence interval [CI]: 2.26,23.06). Adverse events were 2.95 (95%CI: 1.32, 6.61) times more likely to occur in the azithromycin-treated group than in the chloramphenicol-treated group. The clearance time (days) for the main symptoms (including fever, headache, rash and lymphadenectasis) in the doxycycline-treated group was shorter than that in the chloramphenicol-treated group (WMD = -0.4, 95%CI: -0.53, -0.26) in five trials. Adverse drug events occurred significantly less frequently in the azithromycin-treated group than in the doxycycline-treated group (relative risk [RR] = 0.47, 95%CI: 0.31,0.71). Conclusion Doxycycline was found to act more quickly, but more adverse drug events occur when using this regimen compared to azithromycin and chloramphenicol.
Introduction
Scrub typhus is a vector-borne zoonosis caused by Orientia tsutsugamushi, which is transmitted to humans through the bites of larval trombiculid mites (1, 2) . People with scrub typhus develop a high fever, maculopapular rash, skin eschars, lymphadenopathy, headache, and myalgia (3) . The diagnosis of scrub typhus is based on the patient's exposure history, the clinical features, and the results of serologic testing (4, 5) . It occurs in persons who engage in occupational or recreational behavior that brings them into contact with mite-infested habitats such as brush and grass (3, (6) (7) (8) (9) (10) . In such environments, trombiculid mite larvae can be found in any location that is suitable for rodent populations and has ground moisture sufficient to nourish the mite vectors (11) .
Scrub typhus is an important cause of acute undifferentiated febrile illness in Asia (12) . A tetracycline antibiotic or chloramphenicol is the conventional therapy used for the treatment of scrub typhus. Chloramphenicol and tetracycline are contraindicated in pregnant women and children, and resistance to conventional antibiotics has been reported in some papers (13) . Therefore, many new antibiotics, such as quinolones and macrolides, have also been used for the treatment of scrub typhus, especially in children and pregnant women (14) (15) (16) . In the past few decades, many effec-tive antibiotics have been identified for the treatment of scrub typhus, but conflicting results have been reported for these studies.
A meta-analysis is a means of increasing the effective sample size under investigation through the pooling of data from individual association studies, thereby enhancing the statistical power (17) . The previous meta-analyses have evaluated antibiotic regimens for treating scrub typhus in Korea, Thailand, Taiwan, and Malaysia, but have not included China, which is the country with the largest population in Asia (4) . The aim of the present study was to perform a more complete meta-analysis to evaluate the antibiotic regimens used for the treatment of scrub typhus.
Materials and Methods

Identification and selection of relevant studies
Data were collected from the following electronic databases: PubMed, Elsevier ScienceDirect, the Cochrane Library, the Chinese Biomedical Literature Database (CBM), the China National Knowledge Infrastructure (CNKI), and Wanfang (Chinese), including reports up to June 2011.
The following keywords were used for searching: "scrub typhus", "Orientia tsutsugamushi", "treatment", "trial", "treating", and "therapy". The references from the retrieved papers were checked for any additional studies that might have been missed. We only included data from full published papers, not meeting or conference abstracts. No language restrictions were applied to the search.
All studies that evaluated antibiotic regimens for the treatment of scrub typhus were assessed carefully with regard to the following criteria for inclusion in the meta-analysis: (i) published up to June 2011; (ii) randomized or quasirandomized studies comparing antibiotic regimens in patients with scrub typhus; (iii) patients were diagnosed with scrub typhus, as defined by the trial authors. We excluded studies that contained overlapping data. When there were multiple publications from the same population, only the largest study was included. When a study reported the results from different subpopulations, we treated them independently.
Search methods and data extraction
Two investigators searched the electronic databases and extracted data independently, using the same standard protocols. The abstracts were reviewed independently by two investigators to determine whether they met the criteria for inclusion. References in the studies were reviewed to identify additional studies. If discrepancies occurred, a third investigator performed an additional assessment. The results of the data extraction were reviewed by a third investigator. Discrepancies were resolved by discussion with our research team. We recorded the first author's name, the year of publication, source of the publication, type of study, antibiotic regimen(s) used, total sample size, inclusion criteria, method of clinical evaluation, the number of treatment and control subjects, and the treatment outcome.
Definitions
The primary outcomes in this meta-analysis, which were related to efficacy, were defined as follows: "The clearance time (days) for the main symptoms" was defined as the interval from the day when the first dose of the study drug was administered to the day when the main clinical symptoms, including fever, headache, rash and lymphadenectasis, disappeared. "The median time (hours) to clearance of fever" was defined as the interval between the time at which the first dose of the study drug was administered and the time at which the oral temperature first returned to 37.5 . "Treatment failure" was defined as either persistent fever or the development of any complication after at least 48 hours of treatment. "Adverse events" were defined as symptoms or signs that developed after administration of the study drug that had not been reported prior to the first dose of the antibiotic.
Meta-analysis methods
The Cochrane Collaboration Review Manager 4.2 software program (Cochrane Collaboration, http://www.cc-ims. net/RevMan/relnotes.htm) was used to calculate the relative risk (RR), weighted mean difference (WMD), and 95% confidence intervals (CI). Fixed and random effect models were used for the statistical analysis. The heterogeneity of outcome measures among studies was assessed by the chisquare test-based Q-statistic (18) . A significant Q-statistic (p <0.10) indicated heterogeneity in the outcome measures between studies, and in this case, the random effects model was used for the meta-analysis. Otherwise, the fixed effect model was used. We also quantified the effect of heterogeneity using another measure, I 2 = 100% × (Q-df)/Q (19). The I 2 statistic measures the degree of inconsistency in the outcome measures among studies by calculating the percentage of the total variation across studies that was due to heterogeneity rather than occurring by chance.
The pooled estimate of risk was obtained by MantelHaenszel's method in the fixed effects model and by DerSimonian-Laird's method in the random effects model (20, 21) .
The RR and 95%CI were used as summary statistics for the comparison of the outcome measures "treatment failure" and "adverse events"; the WMD and 95%CI were used for the outcome measures "duration of fever" and "main symptom clearance time".
Evaluation of publication bias
Publication bias was investigated with the funnel plot, in which the standard error of logOR for each study was plotted against its OR (odds ratio). Funnel plot asymmetry was assessed further using Egger's linear regression test (17) . If there is asymmetry, the regression line will not run through the origin; the intercept α provides a measure of asymmetry. The larger its deviation from zero, the more pronounced the asymmetry. The analyses were performed using the Stata version 10 software program (StataCorp LP, College Station, TX, USA). All p values were two-sided. A p value <0.05 was considered to be statistically significant.
Results
Characteristics of eligible studies
The characteristics of studies comparing the efficacy of antibiotics in the treatment of scrub typhus are presented in Table 1 . There were 1,119 papers potentially relevant to the search terms (PubMed: 393; Elsevier ScienceDirect: 545; Cochrane Library: 2; CBM: 74; CNKI: 22; Wanfang: 73). The study selection process is shown in Fig. 1 . There were 978 potentially relevant studies after duplicates were removed. During the step of screening the abstracts, 954 of these articles were excluded (599 were review articles; 78 were not clinical trials; 239 did not compare different antibiotics; 38 studies did not involve humans). This left 24 studies for full publication review; of these, 3 were excluded (2 estimated the effect of antibiotics on the prevention of scrub typhus in a hyper-endemic area; 1 had indistinct grouping). The remaining 21 studies were retrieved for more detailed evaluation; 3 were excluded due to unavailable data, 1 did not meet the diagnostic laboratory criteria and was excluded.
There were therefore 17 studies in the meta-analysis: 9 of them were carried out in China, 3 in Korea, 2 in Thailand, 2 in Taiwan, and 1 in Malaysia ( Table 1) . The meta-analysis was performed for six antibiotics (doxycycline, chloramphenicol, azithromycin, rifampicin, roxithromycin, and tetracycline). The data comparing tetracycline versus chloramphenicol was extracted only from the study by Sheehy (14) , and the contrast of teilithromycin versus doxycycline was only extracted from the study by Kim (15) , so a metaanalysis was not performed for these comparisons. 
Meta-analysis of the effects of azithromycin and chloramphenicol
Five separate trials compared azithromycin with chloramphenicol, and the main results are presented in Table 2 . The Q-test of heterogeneity was not significant for treatment failure and adverse events, and we conducted the analyses using fixed effects models; however, the Q-test of heterogeneity was significant for the duration of fever and symptom clearance time, so we conducted the analyses using random effects models. The median fever clearance time (h) in the azithromycin-treated group was longer than that in the chloramphenicol-treated group (weighted mean difference [WMD] = 12.66, CI95%: 2.26, 23.06). Adverse events were 2.95 (CI95%: 1.32, 6.61) times more likely to occur in the azithromycin group than in the chlorampheniol group. The forest plots of positive results are shown in Fig. 2 and 3 . We could not detect any difference in either the symptom clear- ance time or treatment failure.
Meta-analysis of the effects of doxycycline and chloramphenicol
Six separate trials compared doxycycline with chloramphenicol. The main symptom clearance time (days) (including fever, headache, rash, and lymphadenectasis) in the doxycycline-treated group was shorter than that in the chloramphenicol group (WMD = -0.4, CI95%: -0.53, -0.26) (Table 2), and the forest plot of the distribution of the RRs is shown in Fig. 4 .
Meta-analysis of the effects of azithromycin and doxycycline
Three trials compared azithromycin with doxycycline. No difference was detected between azithromycin and doxycycline in the duration of fever, symptom clearance time, and treatment failure. However, adverse events were less likely to occur in the azithromycin-treated group than in the doxycycline-treated group (RR=0.47, CI95%: 0.31, 0.71) ( Table 2) , and the forest plot of the distribution of the RRs is shown in Fig. 5 .
Meta-analysis of the effects of roxithromycin and doxycycline
The differences between the effects of roxithromycin and doxycycline were investigated in three separate trials. We found no significant differences between roxithromycin and doxycycline in terms of treatment failure and the symptom clearance time (Table 2) .
Meta-analysis of the effects of rifampicin and doxycycline
Two trials compared rifampicin and doxycycline. We found no significant difference between rifampicin and doxycycline in the occurrence of adverse events (Table 2) .
Meta-analysis of the effects of tetracycline and doxycycline
Two trials compared tetracycline and doxycycline. We found no significant differences between tetracycline and doxycycline in the incidence of adverse events ( Table 2) .
Evaluation of publication bias
We assessed the funnel plot asymmetry using Egger's linear regression test. The results are shown in Table 3 . There was no publication bias in most comparisons. However, Egger's test was not applied in two comparisons because of the small number of studies (rifampicin versus doxycycline and tetracycline versus doxycycline).
Conclusion
We herein assessed the effects of the treatment of scrub typhus with antibiotics. Ten randomized controlled trials and seven quasi-randomized controlled trials were included in our meta-analyses. We found that chloramphenicol exerted a more rapid therapeutic effect compared to azithromycin. Doxycycline acted even more quickly than chloramphenicol, but it was also associated with more adverse drug events compared to azithromycin. One of these trials, conducted by Sheehy in 1973 (14), was based on the use of clinical features to diagnose scrub typhus, and this may have resulted in a selection bias. Twelve of the trials, in which the diagnosis of scrub typhus was made based on clinical manifestations and a 4-fold rise in the Weil-Felix (WF) titer to at least 1:160, included patients who had been in contact with mite-infested habitats such as brush and grass. Patients diagnosed with scrub typhus by more strict serologic or molecular methods were enrolled in four trials (15, 25, 27, 32) . Strict and specific case ascertainment increases the research validity of a metaanalysis.
A meta-analysis of seven trials performed by Panpanich (4) evaluated the antibiotic regimens used for the treatment of scrub typhus in Korea, Thailand, Taiwan, and Malaysia, but did not include China, which has the largest population in Asia. Therefore, we included nine trials conducted in China in our meta-analysis, and selected four treatment outcomes: duration of fever, clearance time for the main symptoms, treatment failure, and adverse events, to more comprehensively reflect the antibiotic efficacy. The lack of differences detected in the study by Panpanich may have been due to the relatively limited trials and small populations used in their analysis (4) . Therefore, more studies based on larger sample size and a randomized controlled trial design are needed in future research.
One of the earliest antibiotics to be used in the treatment of scrub typhus was chloramphenicol. However, an early study showed that tetracycline was more effective; in view of the risk of aplastic anemia, chloramphenicol is now seldom used to treat scrub typhus, and is best avoided in pregnant women and children (37) . Tetracyclines are used widely for the treatment of scrub typhus, but they are also contraindicated during pregnancy because of their teratogenicity and should not be given to children because they may cause permanent staining of the teeth (38) . Both the meta-analysis by Panpanich (4) and the review by Rajapakse (37) confirmed the efficacy of doxycycline. In our study, we retrieved six studies that compared doxycycline and chlorampheniol; our meta-analysis showed that doxycycline was superior to chlorampheniol in the relief of symptoms. Treatment with doxycycline is associated with a rapid abatement of clinical manifestations, and oral doxycycline is the currently standard treatment for mild cases of scrub typhus (32) . A study conducted by Tsai reported the response rate and the time to defervescence in patients with uncomplicated scrub typhus treated with intravenous minocycline to not be different from those of patients treated with oral doxycycline. Oral doxycycline is also more convenient to use and much cheaper than intravenous minocycline for patients with noncomplicated scrub typhus (39) .
Macrolides such as azithromycin have been reported to be equally effective as doxycycline for the treatment of scrub typhus, and gastrointestinal manifestations are significantly less frequent with azithromycin. Azithromycin is more expensive than docycycline, but it is easier to administer and is also better tolerated (4, 38) , the latter result was confirmed in the current meta-analysis. In this study, we retrieved five studies that included 195 cases treated with azithromycin and 225 cases treated with doxycycline. In the evaluation of treatment failure, we found no difference between these two antibiotics. Roxithromycin is one of the new generation macrolide antibiotics, but in our investigation, no differences in either treatment failure or the main symptom clearance time were detected between roxithromycin and doxycycline. In a trial conducted in China by Chen and coworkers, doxycycline was shown to be superior to roxithromycin in terms of its faster defervescence (34) .
A randomized controlled trial comparing rifampicin and doxycycline reported that fewer patients in the rifampicintreated group remained febrile at 48 hours (25) , the clearance time for fever in the rifampicin group was about half of that in the doxycycline-treated group, and mild gastrointestinal symptoms were common in both groups. In our meta-analysis, which included two trials, we did not detect any differences in adverse events between rifampicin and doxycycline.
Several specific details of this meta-analysis merit consideration. First, only published studies were included, and some publication bias may thus have occurred, even though the use of a statistical test did not show it. Second, a metaanalysis is a form of retrospective research that is subject to the methodological deficiencies of the studies included in the analysis. Third, the concealment of allocation was poorly reported, and only one study included in this review reported adequate allocation concealment (32) . Finally, the diagnostic criteria for scrub typhus varied widely in these clinical trials, and it is possible that some cases of suspected scrub typhus were due to other infections that give rise to similar symptoms and clinical findings.
In summary, the present meta-analysis indicated that doxycycline can take effect more quickly, but with more adverse drug events, compared to azithromycin and chloramphenicol. Macrolide antibiotics such as azithromycin were found to be highly effective against scrub typhus. They are appropriate alternatives in areas where doxycycline-resistant scrub typhus is prevalent, and also for children under 8 years of age or women during pregnancy, in whom doxycycline is contraindicated (32) .
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